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Description 

Field of the Invention 

[0001] The present invention pertains to packages 
containing electrical and optical components connected 
in cooperation and more specifically to a package for 
electrically connecting optical components and driver 
circuits in electrical circuitry. 

Background of the Invention 

[0002] Generally, a semiconductor substrate, or inte- 
grated circuit, is mounted on a printed circuit board or 
the like and the accepted method for connecting the 
substrate to external circuits is to use standard wire 
bond technology. However, when a semiconductor sub- 
strate having a relatively large array of electrical com- 
ponents or devices formed thereon is to be connected, 
standard wire bond techniques can become very diffi- 
cult. For example, if a relatively large array (greater than, 
for example, 1 0,000 or 1 00 x 1 00) of light emitting diodes 
is formed on a substrate with a pitch (center-to-center 
separation) of R then bond pads on the perimeter of the 
substrate will have a 2P pitch. This is true because every 
other row and every other column goes to an opposite 
edge of the perimeter to increase the distance between 
bond pads as much as possible. 
[0003] At the present time wire bond interconnects 
from bond pads having a pitch of 4.8 milli-inches (1 milli- 
inch = 2,54.10- s m) is the best that is feasible. Thus, in 
the array mentioned above of 100 x 100 light emitting 
diodes the bond pads on the perimeter of the semicon- 
ductor chip would have a minimum pitch of 4.8 milli-inch- 
es, with 50 bond pads situated along each edge of the 
perimeter As more devices are included in the array, 
more bond pads are required and the perimeter size to 
accommodate the additional bond pads increases at an 
even greater rate. That is, since the minimum pitch of 
the bonding pads is 4.8 milli-inches, the pitch of the de- 
vices in the array can be as large as 2.4 milli-inches, or 
approximately 61 microns (1 micron = 10* 6 m), without 
effecting the size of the substrate. Thus, even if the de- 
vices can be fabricated smaller than 61 microns, the 
minimum pitch of the bonding pads will not allow the pe- 
rimeter of the substrate to be made any smaller. It can 
quickly be seen that the size of the substrate is severely 
limited by the limitations of the wire bonding technology. 
[0004] Further, ft has been common practice to mount 
substrates and interface circuitry on a single board. The 
problem that arises is the large amount of surface area 
required to mount and connect various components. 
[0005] IBM Technical Disclosure Bulletin, vol. 26, No. 
2, July 1983, "Input/Output Device Interconnections" by 
RE. Cade et al. describes a device comprising a first 
semiconductor chip, in which light emitting diodes are 
formed, is mounted on, aligned and electrically intercon- 
nected with a second semiconductor chip, which may 



be a driver chip, via appropriate solder balls or pads lo- 
cated in recesses in the second chip. 
[0006] EP-A-0 572 779 describes a device comprising 
a semiconductor driver and a light emitting polymer el : 

5 ement connected to the driver and formed integrally 
therewith into a light emitting element. One or more of 
the elements are included in a display pixel, and a plu- 
rality of pixels are arranged into rows and columns for 
a display source. The light emitting elements are also 

io used as interconnects for semiconductor ICs. 

[0007] Thus, there is a need for interconnect and 
packaging structures and techniques which can sub- 
stantially reduce the limitation on size of substrate and 
which can reduce the amount of required surface area. 

is [0008] Accordingly, it is a purpose of the present in- 
vention to provide integrated electro-optical packages 
which are not limited in size by the electrical connec- 
tions. 

[0009] It is another purpose of the present invention 
20 to provide integrated e lectro-optical packages which are 
substantially smaller than previous integrated packag- 
es. 

[0010] It is still another purpose of the present inven- 
tion to provide integrated electro-optical packages 

25 which contain substantially greater numbers of light 
generating devices than previous integrated packages. 
[0011] It is yet another purpose of the present inven- 
tion to provide integrated electro-optical packages 
which contain arrays of light generating devices with 

30 substantially greater numbers of devices than previous 
integrated packages. 

Summary of the Invention 

35 [0012] The above problems and others are substan- 
tially solved and the above purposes and others are re- 
alized in an integrated electro-optical package accord- 
ing to claim 1 and to the fabrication method in claim 7 
including an optically transparent substrate having a 

40 major surface with an array of light emitting devices 
formed on the major surface at a central portion thereof 
and cooperating to generate a complete real image. 
Each of the fight emitting devices have first and second 
electrodes for activating the light emitting devices. The 

« optically transparent substrate f u rther has external con - 
nection/mounting pads adjacent outer edges thereof 
and outside of the central portion of the major surface 
with the first electrodes of the light emitting devices be- 
ing connected to a first plurality of the external connec- 

so tion/mounting pads and the second electrodes of the 
light emitting devices being connected to a second plu- 
rality of the external connection/mounting pads. A driver 
substrate has a major surface and defines a central por- 
tion substantially coextensive with the real image at the 

55 central portion of the major surface of the optically trans- 
parent substrate. The driver substrate further has a plu- 
rality of electrical conductors formed therein, each ex- 
tending from a mounting pad adjacent an edge of the 



2 



3 



EP 0 675 541 B1 



4 



central portion to a connection pad on the major surface 
of the driver substrate. The optically transparent sub- 
strate can be. for example, formed of glass or some oth- 
er suitable transparent material defining a central opti- 
cally transparent light passage (window) therethrough s 
with the electrical conductors formed as a frame around 
the window. The major surface of the optically transpar- 
ent substrate is mounted on the major surface of the 
driver substrate with the first and second pluralities of 
external connection/mounting pads being in electrical io 
contact with the mounting pads of the driver substrate. 
A plurality of driver and controller circuits are mounted 
on the driver substrate and have data input terminals 
and further have control signal output terminals con- 
nected to the first and second terminals of the light emit- ?s 
ting devices for activating the light emitting devices to 
generate real images in accordance with data signals 
applied to the data input terminals. 
[001 3] In the preferred embodiment the external con- 
nection/mounting pads of the optically transparent sub- 20 
strate are bump bonded to the mounting pads adjacent 
an edge of the central portion of the driver substrate to 
substantially reduce the allowable pitch of the connec- 
tion/mounting pads. Also, the connection pads on the 
major surface of the driver substrate are positioned into 2s 
a matrix of rows and columns to allow a substantially 
greater number of connection pads in a substantially 
smaller surface area. 

Brief Description of the Drawings 30 

[0014] Referring to the drawings: 

FIG. 1 is a greatly enlarged view in top plan of an 
array of light emitting devices formed on an optically 35 
transparent substrate; 

FIG. 2 is a simplified cross-sectional view of a single 
organic electroluminescent element on a glass sub- 
strate; 

' FIG. 3 is an enlarged view in top plan of the optically 40 
transparent substrate of FIG. 1 including electrical 
connections; 

FIG. 4 is a greatly enlarged view in top plan of an- 
other embodiment of an optically transparent sub- 
strate, portions thereof broken away; 45 
FJG. 5 is a greatly enlarged view of a portion of FIG. 
4 illustrating portions thereof in greater detail; 
FIG. 6 is an exploded view in perspective illustrating 
the relative positions of the components of an elec- 
tro-optical package in accordance with the present so 
invention; 

FIG. 7 is an enlarged view of the components of 
FIG. 5, portions thereof broken away, assembled in- 
to a complete package; 

FIG. 8 is a simplified schematic view of a miniature ss 
virtual image display incorporating the package of 
FIG. 7; 

FIGS. 9 and 10 are additional simplified schematic 



views, similar to FIG. 8, of other miniature virtual 
image displays incorporating the package of FIG. 7; 
FIG. 11 is a view in perspective of a portable com- 
munications receiver incorporating the miniature 
virtual image display of FIG. 8; 
FIG. 12 is a simplified view generally as seen from 
the line 12- 12 of FIG. 11; 

FIG. 13 is a view in perspective of another portable 
communications receiver incorporating the minia- 
ture virtual image display of FIG. 8 
FIG. 14 is a simplified view generally as seen from 
the line 14 - 14 of FIG. 13; 

FIG. 15 is a view in perspective illustrating a typical 
view as seen by the operator of the portable com- 
munications receiver of FIG. 11; 
FIG. 16 illustrates a schematic diagram of a push- 
pull array of light emitting diodes; 
FIG. 17 is a block diagram of a portion of a driving 
circuit for the array of FIG. 16; 
FIG. 18 illustrates another portion of a driving circuit 
for the array of FIG. 16; and 
FIG. 19 illustrates the array of FIG. 16 and drivers 
of FIGS. 17 and 18 incorporated into an electronic 
device. 

Description of the Preferred Embodiment 

[0015] Referring specifically to FIG. 1, a greatly en- 
larged view in top plan of a optically transparent sub- 
strate 10 having an array 20 of light emitting devices 
thereon is illustrated. For simplicity of illustration, only a 
representative portion of optically transparent substrate 
10 has been completed. Optically transparent substrate 
1 0 has a major surface 1 1 with a plurality of light emitting 
devices 12 formed thereon. Light emitting devices 12 
are organic/polymer electroluminescent elements or 
light emitting diodes. Hereinafter, for simplification of 
this disclosure, the term organic/polymer will be short- 
ened to "organic". In this embodiment, each light emit- 
ting device 12 defines a pixel, with light emitting devices 
12 positioned in rows and columns and cooperating to 
generate a complete real image, when activated, at a 
central portion 13 of major surface 11. 
[001 6] Referring specifically to FIG. 2, a simplified and 
greatly enlarged cross-sectional view of a single organic 
electroluminescent element 1 2 on an optically transpar- 
ent substrate 10, which in this embodiment is glass, is 
illustrated. Organic electroluminescent element 12 in- 
cludes a layer 18 of conductive material which serves 
as the anode of the diode or element 12 in this specific 
embodiment. An organic layer or layers 19/20 includes 
one or more layers of polymers or low molecular weight 
organic compounds. The organic materials that form the 
layers are chosen for their combination of electrical and 
luminescent properties, and various combinations of 
hole transporting, electron transporting, and lumines- 
cent materials can be used. In this embodiment, for ex- 
ample, layer 19 is a hole transport layer and layer 20 is 
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a luminescent electron transport layer. A second layer 
21 of conductive material is deposited on the upper sur- 
face of layers 19/20 and serves as the cathode in this 
specific embodiment. 

[0017] Generally, either the anode or the cathode 
must be optically transparent to allow the emission of 
light therethrough. In this embodiment conductive layer 
18 is formed of indium-tin oxide (ITO) which is optically 
transparent. In some applications a very thin metal film 
may be used as a transparent conductor instead of the 
ITO. Also, to reduce the potential required, the cathode 
is generally formed of a low work function metal/conduc- 
tors or combination of metals/conductors, at least one 
of which has a low work function. In this embodiment 
the cathode is formed of low work function material, 
such as heavily doped diamond, or the cathode may be 
a conductive metal incorporating cesium, calcium or the 
like. The first electrodes, e.g. the anodes, of light emit- 
ting devices 12 are connected by conductors 1 5 to de- 
fine rows of pixels, and the second electrodes, e.g. the 
cathodes, of light emitting devices 12 are connected by 
conductors 1 7 to define columns of pixels, thereby form- 
ing addressable array 20 of light emitting devices 12. 
[0018] A list of some possible examples of materials 
for the organic layer or layers 19/20 of the above de- 
scribed organic electroluminescent element 12 follows. 
As a single layer of polymer, some examples are: poly 
(p-phenylenevinylene) (PPV); poly(p-phenylene) 
(PPP); and poly[2-methoxy,5-(2'-ethylhexoxy)1,4-phe- 
nylenevinylene] (MEH-PPV). As an electron transport- 
ing electroluminescent layer between a hole transport- 
ing layer or one of the single layer polymers listed above 
and a low work function metal cathode, an example is: 
8-hydroxquinoline aluminum (ALQ). As an electron 
transporting material, an example is: 2-(4-tert-butylphe- 
nyl)-5-(p-biphenylyl)-1,3.4-oxadiazole (butyl-PBD). As 
a hole transport material, some examples are: 4,4'-bis 
[N-phenyl-N-(3-methylphenyl)amino]biphenyl (TPD); 
and l,l-bis(4-di-p-tolyaminophenyl)cyclohexane. As an 
example of a fluorescent that may be used as a single 
layer or as a dopant to an organic charge transporting 
layer is coumarin 540, and a wide variety of fluorescent 
dyes. Examples of low work function metals include: Mg: 
In, Ca, and Mg:Ag. 

[001 9] Light emitting devices 1 2 are formed on opti- 
cally transparent substrate 10 in a central portion 13 of 
major surface 11 less than approximately 20 microns in 
diameter (W). in the embodiment illustrated approxi- 
mately 10 microns in diameter. Also, the pitch, P, or 
spacing between centers of light emitting devices 12, is 
less than approximately 30 microns, and in the present 
embodiment is 20 microns. 

[0020] Referring specifically to FIG. 3, an enlarged 
view in top plan of a complete, optically transparent sub- 
strate 10 is illustrated. In the simplest embodiment, op- 
tically transparent substrate 10 is formed of a planar 
piece of optically transparent material, such as glass, so 
that at least central portion 13 having array 20 of light 



emitting diodes 12 thereon is simply a clear (optically 
transparent) portion of substrate 10. Central portion 13 
is substantially the same size as array 20 of light emitting 
devices 12 so that the real image generated by light 
5 emitting devices 12 in cooperation is completely visible 
therethrough. A plurality of electrical conductors 31 
electrically connect the rows and columns of light emit- 
ting devices 12 to a similar plurality of connection pads 
33 positioned on the major surface 11 and around the 
10 outer periphery of substrate 10. To completely distribute 
electrical conductors 31 and connection pads 33 around 
the periphery of optically transparent substrate 10, elec- 
trical conductors 31 are attached to alternate horizontal 
electrical conductors 15 and alternate vertical conduc- 
es tors 17. Thus, the space available between adjacent 
electrical conductors 31 is 2P, or in this specific embod- 
iment 20 microns. 

[0021] By fanning out electrical conductors 31. con- 
nection pads 33 can be constructed large enough to pro- 

20 - vide easy electrical contact thereto. For example, if ar- 
ray 20 of light emitting devices 12 includes 40.000 de- 
vices (e.g., 200 x 200) and each device includes an area 
having a 10 micron diameter with a pitch P of 20 mi- 
crons, then the area of the central portion 1 3 of optically 

2$ transparent substrate 10 wilt be less than 0.2 inches (1 
inch = 2,54 1 0r 2 m) on a side. Optically transparent sub- 
strate 10, in this specific embodiment, is constructed 
with a central portion 1 3 approximately 0.2 inches on a 
side and an outer periphery of 0.5 inches on a side. 

30 Thus, the 200 connection pads on each side of the pe- 
riphery of window frame substrate 25 have approxi- 
mately 60 microns of pitch available. 
[0022] Referring specifically to FIG. 4, a greatly en- 
larged view in top plan of another embodiment of an op- 

35 tically transparent substrate 40, portions thereof broken 
away, is illustrated. A portion of substrate 40 is illustrated 
in a greatly enlarged view in FIG. 5 illustrating portions 
of optically transparent substrate 40 in greater detail. At 
least a central optically transparent portion 41 is posi- 

40 tioned to receive an array of light emitting diodes there- 
on as described in conjunction with FIG. 3 and a plurality 
of electrical conductors 43 are positioned on a major 
surface 42 of optically transparent substrate 40 and are 
fanned out from the periphery of central portion 41 into 

45 contact with a plurality of connection pads 45. Connec- 
tion pads 45 are positioned in a matrix of rows and col- 
umns on major surface 42 surrounding central portion 
41. Generally, it is anticipated that connecting pads 45 
can be positioned in the matrix with a pitch in the range 

so of approximately 25 milli-inches to 50 milli-inches to al- 
low sufficient space for electrical conductors 43 to ex- 
tend therebetween as illustrated. For example, a matrix 
of connection pads 45 with a pitch of 40 milli-inches al- 
lows over 500 connection pads 43 on a one inch by one 

55 inch substrate with a central passage 41 of 0.2 inches 
by 0.4 inches. 

[0023] In the instance in which optically transparent 
substrate 10 is formed of glass, standard thin film met- 



4 



7 



EP 0 675 541 B1 



8 



allization can be utilized, at least for electrical conduc- 
tors 31 and connection pads 33, in which layers of metal 
are deposited by, for example, sputtering. In a typical 
metallization system, a first layer of chromium is applied 
by sputtering to operate as an adhesive layer on the 
glass. A second layer of copper is applied over the chro- 
mium to provide the desired electrical conduction and a 
layer of gold is applied over the copper to provide a bar- 
rier and adhesive layer for further connections. It should 
be understood that the metallization can be either an 
additive or subtractive method with the patterning and 
etching being performed by any of the various methods 
well known in the art to provide the desired final struc- 
ture. 

[0024] In many applications the electrical conductor 
widths and pad sizes, as well as spacing, may be such 
that difficulty will be encountered in the fabrication, es- 
pecially for the substrate. However, glass is an example 
of an optically transparent substrate material on which 
10 to 15 micron wide electrical conductors with a pitch 
of 40 microns can be fabricated. Also, light emitting di- 
odes 12 are formed in central portion 13 utilizing many 
common steps: 

[0025] An exploded view in perspective illustrating the 
relative positions of components of an electro-optical 
package 50 is illustrated in FIG. 6. An enlarged view, 
portions thereof broken away, of the components of FIG. 
6 assembled into a complete electro-optical package 50 
is illustrated in FIG. 7. tn addition to optically transparent 
substrate 10, a mounting board, or driver substrate, 55 
is included having a plurality of driver and control circuits 
57 mounted on an upper major surface thereof. Driver 
and control circuits 57 generally are formed as smaller 
integrated circuits which are wire bonded or bump bond- 
ed to electrical contacts on the upper major surface of 
mounting board 55. Mounting board 55 is, for example, 
a convenient printed circuit board, such as FR4 or the 
like, and has either bumps 58 of contact material, such 
as C5 solder, solderable plated metal, or the like, or con- 
necting pins 59 positioned on a lower major surface 
thereof. In some specific applications, mounting board 
55 could be a driver substrate, or single semiconductor 
chip, having all of the driver and interconnect compo- 
nents integrated thereon. Because the pitch of connec- 
tion pads 33 on optically transparent substrate 10 is (or 
can be) relatively large, relatively large bumps 58 orpins 
59 can be utilized at this point. 

[0026] Bumps 58 are formed of a material that is a 
relatively good electrical conductor and which can be at 
least partially melted and reset to form a good physical 
connection. Material which can be utilized for this pur- 
pose includes gold, copper, solder and especially high 
temperature solder, conducting epoxy, etc. A bump 
height of up to 80 microns can be formed on a square 
or round connection/mounting pad with a 20 micron di- 
ameter. For smaller pitches, 5 micron diameter copper 
bumps with a pitch of 10 microns have been formed with 
a bump height of 20 microns. Also, 15 micron diameter 



gold bumps on a 30 micron pitch have been formed to 
a height of 30 to 45 microns. Some compatible metal 
may improve the assembly procedures, e.g., gold met- 
allization or gold plating on connection pads 33 of opti- 

5 cally transparent substrate 10. 

[0027] In the assembly process, optically transparent 
substrate 10 is positioned so that major surface 11 is up 
and connection pads 33 are positioned to each contact 
a separate bump 58 on mounting board 55 when opti- 

10 cally transparent substrate 10 is properly registered, as 
illustrated in FIG. 7. In one fabrication technique, opti- 
cally transparent substrate 10 includes gold connection 
pads 33 and is thermo compression bonded to mounting 
board 55. At the point illustrated in FIG. 6 where optically 

'5 transparent substrate 1 0 is substantially completed, op- 
tically transparent substrate 1 0 can be easily tested and/ 
or burned in prior to additional assembly of the package. 
This ability to provide an intermediate test point can be 
a substantial cost and time saving in the packaging pro- 

20 cedure. 

[0028] The final additional component in package 50 
is a lens 60 which is fabricated to overlie central portion 
1 3 in optically transparent substrate 1 0 opposite mount- 
ing board 55. Lens 60 is designed to magnify the real 

2S image generated by array 20 of light emitting devices 
1 2 on optically transparent substrate 10. In this specific 
embodiment, lens 60 is affixed to the underside of opti- 
cally transparent substrate 10 by some convenient op- 
tically transparent epoxy or the like and is fabricated so 

30 as to simply overlie central portion 1 3 of optically trans- 
parent substrate 10. At least the interstice between 
mounting board 55 and optically transparent substrate 
10 mounted thereon is filled with an optically transparent 
material 63, which may be any convenient material to 

35 provide support and make package 50 a more robust 
package. Depending upon the material utilized in the 
formation of array 20 of light emitting diodes 12, a cavity 
64 may be formed in mounting board 55 to receive array 
20 and the edges of array 20 can be positioned suffi- 

40 ciently close to mounting board 55 to act like an encap- 
sulant dam so that the interstice between the upper sur- 
face of array 20 and mounting board 55 is left open or 
unfilled. Thus, array 20 and mounting board 55 are not 
physically attached together and different coefficients of 

45 expansion will have little or no effect. 

[0029] It should be understood that for best results op- 
tically transparent substrate 10 and lens 60 should be 
constructed with indices of refraction which are as close 
together as practical. If, for example, the index of refrac- 

so tion of optically transparent substrate 10 and lens 60 dif- 
fers substantially there is a tendency for light to reflect 
at the interface back into optically transparent substrate 
10 and the efficiency of package 50 is reduced. Gener- 
ally, an index of refraction of approximately 1 .5 for opti- 

ss cally transparent substrate 10 has been found to be ac- 
ceptable. 

[0030] Thus, an optically transparent substrate of 
glass or the like, such as substrate 10, has the added 



5 



9 



EP 0 675 541 B1 



10 



advantage of providing additional environmental protec- 
tion for array 20 of light emitting diodes 12. Also, be- 
cause transparent material, such as glass and the like 
can be provided which has a coefficient of thermal ex- 
pansion which is the same as, or very close to, the co- 
efficient of thermal expansion of the mounting board 55 
and lens 60, substantial improvements in thermal cy- 
cling life are achieved with this embodiment. 
[0031] It should be understood that the real image 
generated by the array of light emitting devices 12 on 
semiconductor substrate 10 is too small to properly per- 
ceive (fully understand) with the human eye and gener- 
ally requires a magnification of at least 10x for comfort- 
able and complete viewing. Lens 60 can be a single lens 
with additional optical magnification supplied by an ex- 
ternal system or lens 60 can include a complete magni- 
fication system. Further, lens 60 can be fabricated from 
glass, plastic or any other material or method well known 
to those skilled in the optical art. Also, in some applica- 
tions lens 60 may be a complete external magnification 
system and may not be physically attached as a portion 
of package 50. Several examples of optical magnifica- 
tion systems which may be incorporated into lens 60 or 
applied externally thereto are illustrated in FIGS. 8 
through 10, explained below. 

[0032] Referring to FIG. 8, a miniature virtual image 
display 65 is illustrated in a simplified schematic view. 
Display 65 includes image generation apparatus 66, 
similar to electro-optical package 50 described above, 
for providing a real image at an area 67. A fixed optical 
system 70, in this specific embodiment includes a co- 
herent bundle 71 of optical fibers and a lens system 73. 
Bundle 71 has a first surface 75 positioned adjacent the 
area 67 of apparatus 66 and a second surface 76 de- 
fined at the opposite end of bundle 71. A single lens, 
representing lens system 73, is positioned in spaced re- 
lation to surface 76 of bundle 71 and, in cooperation with 
bundle 71 , produces a virtual image viewable by an eye 
77 spaced from a viewing aperture 78 generally defined 
by lens system 73. 

[0033] As technology reduces the size of the optically 
transparent substrate and/or the light generating devic- 
es on the substrate, greater magnification and smaller 
lens systems are required. Reducing the size of the 
lenses while increasing the magnification results in 
greatly limiting the field of view, substantially reducing 
eye relief and reducing the working distance of the lens 
system. 

[0034] Surface 75 of bundle 71 is positioned adjacent 
area 67 of apparatus 66 so as to pick up real images 
generated by apparatus 66 and transmit the image by 
way of the optical fibers to surface 76. Bundle 71 is ta- 
pered along the length thereof so that the image at sur- 
face 76 is larger than the real image at surface 75. The 
taper in the present embodiment provides an image at 
surface 76 which is twice as large as the image at sur- 
face 75, which is equivalent to a power of two magnifi- 
cation. It will be understood by those skilled in the art 



that additional magnification (taper) may be included if 
desired. 

[0035] Lens system 73, represented schematically by 
the single lens, is mounted in spaced relation from sur- 

s face 76 of bundle 71 so as to receive the image from 
surface 76 and magnify it'an additional predetermined 
amount. In the present embodiment, lens system 73 
magnifies the image another ten times (10x) so that the 
real image from apparatus 66 is magnified a total of 

10 twenty times. It will of course be understood that the lens 
system may be adjustable for focus and additional mag- 
nification, if desired, or may be fixed in a housing for 
simplicity. Because the image received by lens system 
71 from bundle 71 is much larger than the real image 

is generated by apparatus 66, the lens system does not 
provide the entire magnification and, therefore, is con- 
structed larger and with less magnification. Because of 
this larger size, the lens system has a larger field of view 
and a greater working distance. 

20 [0036] Eye relief is the distance that eye 77 can be 
positioned from viewing aperture 78 and still properly 
view the image, which distance is denoted by "d" in FIG. 
3. Because of the size of lens system 73, eye relief, or 
the distance d, is sufficient to provide comfortable view- 

25 ing and in the present embodiment is great enough to 
allow a viewer to wear normal eyeglasses, if desired. 
Because of the improved eye relief the operator can 
wear normal corrective lenses (personal eyeglasses), 
and the complexity of focusing and other adjustable fea- 

30 tures can be reduced, therefore, simplifying the con- 
struction of virtual image display 65. 
[0037] Referring to FIG. 9, another miniature virtual 
image display 80 is illustrated in a simplified schematic. 
In waveguide virtual image display 80, image generation 

35 apparatus 81 ( similar to electro-optical package 50 de- 
scribed above, is affixed to the inlet of an optical 
waveguide 82 for providing a real image thereto. 
Waveguide 82 is formed generally in the shape of a par- 
allelogram (side view) with opposite sides, 83, 84 and 

40 85, 86, equal and parallel but not perpendicular to adja- 
cent sides. Side 83 defines the inlet and directs light rays 
from the real image at apparatus 81 onto a predeter- 
mined area on adjacent side 85 generally along an op- 
tical path defined by all four sides. Three diffractive lens- 

45 es 87, 88 and 89 are positioned along adjacent sides 
85, 84 and 86, respectively, at three predetermined ar- 
eas and the magnified virtual image is viewable at an 
outlet in side 86. This particular embodiment illustrates 
a display in which the overall size is reduced somewhat 

so and the amount of material in the waveguide is reduced 
to reduce weight and material utilized. 
[0038] Referring to FIG. 10, another specific miniature 
virtual image display 90 is illustrated in a simplified sche- 
matic. In waveguide virtual display 90 an optical 

55 waveguide 91 having a generally triangular shape in 
side elevation is utilized. Image generation apparatus 
92, similar to electro-optical package 50 described 
above, for producing a real image, is affixed to a first 
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side 93 of optical waveguide 91 and emanates light rays 
which travel along an optical path directly to a diffractive 
lens 94 affixed to a second side 95. Light rays are re- 
flected from lens 94 to a diffractive lens 96 mounted on 
a third side 97. Lens 96 in turn reflects the light rays 
through a final diffractive lens 98 affixed to the outlet of 
optical waveguide 91 in side 93, which lens 98 defines 
a viewing aperture for display 90. In this particular em- 
bodiment the sides of display 90 are angularly posi- 
tioned relative to each other so that light rays enter and 
leave the inlet and outlet, respectively, perpendicular 
thereto. 

[0039] FIG. 11, illustrates a portable communications 
receiver 100 having a hand held microphone 101 with 
a miniature virtual display 102 mounted therein It will of 
course be understood that portable communications re- 
ceiver 1 00 can be any of the well known portable receiv- 
ers, such as a cellular or cordless telephone, a two-way 
radio, a pager, etc. In the present embodiment, for pur- 
poses of explanation only, portable communications re- 
ceiver 100 is a portable two-way police radio, generally 
the type carried by police officers on duty or security 
guards. Portable communications receiver 100 includes 
a control panel 105 for initiating calls and a standard 
visual display 106, if desired, for indicating the number 
called or the number calling. Alternately, 106 includes a 
speaker in addition to or instead of the visual display. 
Hand held microphone 101 has a push-to-talk switch 
107 and a voice pick-up 108. 

[0040] Referring to FIG. 1 2, a simplified sectional view 
of hand held microphone 101, as seen from the line 12 
- 12, is illustrated. Miniature virtual display 102 includes 
an electro-optical package similar to package 50, de- 
scribed above, having image generation apparatus 121 
for providing a real image to a fixed optical system 1 20, 
which in turn produces a virtual image viewable by the 
operator through an aperture 122. Fixed optical system 
120 is constructed to magnify the entire real image from 
image generation apparatus 121, without utilizing mov- 
ing parts, so that the virtual image viewable through ap- 
erture 122 is a complete frame, or picture, which ap- 
pears to be very large (generally the size of a printed 
page) and is easily discernible by the operator. The en- 
tire electro-optical package is relatively small and adds 
virtually no additional space requirements to hand held 
microphone 101 . Optical system 120 is constructed with 
no moving parts, other than optional features such as 
focusing, zoom lenses, etc. Further, apparatus 121 re- 
quires very little electrical power to generate the real im- 
age and. therefore, adds very little to the power require- 
ments of portable communications receiver 100. 
[0041] Referring specifically to FIGS. 13 and 14, a 
second embodiment is illustrated wherein parts similar 
to those described in relation to FIGS. 11 and 12 are 
designated with similar numbers with a prime added to 
the numbers to indicate a different embodiment. In this 
embodiment a portable communications receiver 100' 
has a miniature virtual display 102' included in the body 



thereof, instead of in a hand held microphone. A hand 
held microphone is optional and this specific embodi- 
ment is desirable for instances where a hand held mi- 
crophone is not utilized or not available or for use in pag- 
s ers and the like which do not transmit. Miniature virtual 
display 102* is basically similar to miniature virtual dis- 
play 102 of FIGS. 11 and 12 and adds very little to the 
size, weight, or power consumption of receiver 100'. 
[0042] FIG. 1 5 is a perspective view of hand held mi- 
10 crophone 101 illustrating a typical view 125 seen by an 
operator looking into viewing aperture 122 of miniature 
virtual image display 102, described in conjunction with 
FIGS 1 1 and 1 2. View 1 25 could be, for example, a floor 
plan of a building about to be entered by the operator (a 
is policeman). In operation, the floor plan is on file at the 
police station and, when assistance is requested by the 
policeman, the station simply transmits video represent- 
ative of the previously recorded plan. Similarly, minia- 
ture virtual image display 102 might be utilized to trans- 
it? mit pictures of missing persons or wanted criminals, 
maps, extremely long messages, etc. Many other vari- 
ations, such as silent receiver operation wherein the 
message appears on display 102 instead of audibly, are 
possible. 

25 [0043] In some applications, light emitting devices 1 2 
and electrical conductors 15 and 17 on optically trans- 
parent substrate 10 (FIG. 1) can be very, small, micron 
or even sub-micron size, with the pitch, P, being too 
small to conveniently operably connect electrical con- 
30 ductors 31 and connecting pads 33 thereto, tn such ap- 
plications the spacing between connecting pads 33 can 
be increased by forming light emitting diodes 12 into a 
push-pull array, as described in conjunction with FIGS. 
16 through 19, described below. 
35 [0044] Referring specifically to FIG. 16, a push-pull 
array 210 of light emitting diodes is illustrated. Array 210 
includes twenty light emitting diodes formed on a single 
substrate and arranged into five rows and four columns. 
Only twenty diodes are illustrated for simplicity and it 
40 should be understood that they are representative of the 
larger arrays described above. Rows of connecting con- 
ductors, designated 212 through 216, are positioned on 
the substrate to correspond, one each, with the diode 
rows and columns of connecting conductors, designat- 
es ed 220 through 223, are positioned on the substrate to 
correspond, one each, with the diode columns. The con- 
necting conductors are couple to each anode and cath- 
ode of the diodes to provide addressable array 21 0, with 
all alternate columns of diodes being reverse connect- 
so ed. Thus, all of the diodes in alternate columns have a 
cathode connected to the column conductor, i.e. con- 
ductors 220 and 222, and all of the diodes in inter- 
spersed columns have an anode connected to the col- 
umn conductors, i.e. conductors 221 and 223. Similarly, 
55 in each row, the anode of alternate diodes is connected 
to the row conductor and the cathode of interspersed 
diodes is connected to the row conductor. Array 210 is 
designed for an LED display and, therefore, alternate 
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columns of diodes are reverse connected, for reasons 
which will be apparent presently. It will of course be un- 
derstood that in many applications it may be more con- 
venient to reverse alternate rows of diodes and, there- 
fore, the terms "row" and "column" are generally used 
interchangeably herein. 

[0045] The reverse connected LEDs, as applied to an 
LED imaging array, is feasible because the LED imaging 
array is fabricated on an optically transparent substrate 
with the diodes being internally reverse coupled while 
retaining an acceptable pitch. This embodiment results 
in an efficient internal interconnect which requires no ad- 
ditional devices on the LED array and very little addi- 
tional work during fabrication of the array. Other embod- 
iments exist but require additional devices which are dif- 
ficult to fabricate and take up additional space. 
[0046] Each of the row conductors 212 through 216 
have a connection/mounting pad connected thereto. 
Each alternate column conductor is connected to an ad- 
jacent interspersed column conductor to form pairs of 
column conductors, 220, 221 and 222, 223. Each pair 
of column conductors has a single connection/mounting 
pad connected thereto. In push-pull array 210 there are 
only two connection/mounting pads to all four columns 
220 - 223. Thus, in simplified push-pull array 210, the 
number of external connection/mounting pads has been 
reduced from the traditional number of nine to only sev- 
en. It will be apparent to those skilled in the art that ex- 
panding push-pull array 210 to 128 rows and 240 col- 
umns will result in a total of 128 X 240/2 = 248 total ex- 
ternal connections. Thus, the total number of external 
connections has been reduced by 120 external connec- 
tions. 

[0047] Referring specifically to FIG. 1 7, a column driv- 
ing circuit 230 is illustrated, which is designed to be uti- 
lized with push-pull array 210. Column driving circuit 230 
includes a counter 231 and a plurality of logic circuits 
232, only one of which is illustrated. Each logic circuit 
232 includes a first logic gate 233, a pair of logic gates 
234 and 235 and P and N channel complementary driv- 
ers 236 and 237, respectively. In this specific embodi- 
ment, counter 231 is a nine bit counter, which may for 
example be a simple ripple counter. Also, in each logic 
circuit 232, first logic gate 233 is an eight input NAND 
gate, and logic gates 234 and 235 are two input NOR 
gates. Complementary drivers 236 and 237 are P and 
N channel FETs connected in series between a power 
source V DD and a reference voltage, which in this in- 
stance is ground. 

[0048] The first bit output of counter 231 is used as a 
polarity bit and is applied, in each logic circuit 232, di- 
rectly to one input terminal of gate 235 and through an 
inverter to one input terminal of gate 234. The next eight 
output bits of counter 231 are applied, in each logic cir- 
cuit 232, to the eight input terminals of gate 233. The 
eight input terminals are coded so that only one specific 
combination of output bits will cause gate 233, in each 
logic circuit 232, to produce an output. The coded con- 



nection to each gate 233 can be accomplished in a va- 
riety of ways, as for example inverting all inputs in the 
first logic circuit. In this fashion gate 233 of the first logic 
circuit would produce an output each time counter 231 
s produced the output 00000000. Similarly, gate 33 of the 
next logic circuit is coded so that an output is produced 
in response to the output 00000001 from counter 231, 
and so on. 

[0049] The output terminal of gate 233 is connected 

10 directly to second input terminals of each of gates 234 
and 235. An output terminal of gate 234 is inverted and 
applied to the control gate of driver 236 and an output 
terminal of gate 235 is applied directly to the control gate 
of driver 237. The junction of drivers 236 and 237, which 

75 is output terminal 238, is connected to the connection/ 
mounting pad of columns 220. 221 of push-pull array 
210. In this specific embodiment, the first (least signifi- 
cant) output bit of counter 231 alternately selects gate 
235 (a 0 output bit) and, on the next clock pulse, gate 

20 234 (a 1 output bit). Further, the other eight output bits 
remain constant through this switching of the first bit, so 
that on the first two clock pulses applied to counter 231 : 
first, driver 237 is activated to ground output terminal 
238 and then driver 236 is activated to apply V DO to out- 

25 put terminal 238. Thus, column 220 of push-pull array 
210 is addressed on the first clock pulse and column 
221 is addressed on the second clock pulse. Because 
eight output bits of counter 231 are utilized to address 
the plurality of logic circuits 233, as many as 256 logic 

30 circuits can be individually addressed. 

[0050] Referring specifically to FIG. 18, a single row 
driving circuit 240 is illustrated. A similar row driving cir- 
cuit 240 is provided for each row connection/mounting 
pad. Each row driving circuit 240 includes a pair of two 

3S input terminal gates 241 and 242, two P channel drivers 
243 and 244 and two N channel drivers 245 and 246. 
The P channel drivers 243 and 244 are connected in 
series between power source V DD and an output termi- 
nal 247. The N channel drivers 245 and 246 are con- 

4Q nected in series between output terminal 245 and a ref- 
erence potential, which in this embodiment is ground. P 
channel driver 243 and N channel driver 246 act as con- 
stant current sources and are activated by bias voltages 
applied to the control gates thereof. An output terminal 

4$ of gate 241 is connected to the control gate of P channel 
driver 244 and an output terminal of gate 242 is connect- 
ed to the control gate of N channel driver 245. One input 
terminal of each of gates 241 and 242 is connected to 
a data input terminal 248. The second input terminal of 

so gate 241 is connected through an inverter to the first 
(least significant) output bit terminal of counter 231 and 
the second input terminal of gate 242 is connected di- 
rectly to the first output bit terminal of counter 231 . 
[0051] In this embodiment, data on terminal 248 con- 

ss sists of a series of Vs and 0*s which are indicative of 
whether a specific LED is to be activated or not. How- 
ever, since the diodes in interspersed columns 221 and 
223 are reverse connected, it is necessary to apply a 
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potential to the rows which is lower than the potential 
applied to interspersed columns 221 . 223 to activate 
these diodes. Also, for the alternate columns in which 
the diodes are not reverse connected, a positive poten- 
tial must be applied to the selected rows to activate the 
diodes. Thus, when an alternate column 220 or 222 is 
selected by the first output bit of counter 231 , the same 
output bit of counter 231 causes gates 241 and 242 of 
the row driver circuits to select P channel driver 244 
which, if the current data bit is a 1, is turned on. Similarly, 
when an interspersed column 221 or 223 is selected by 
the first output bit of counter 231 , the same output bit of 
counter 231 causes gates 241 and 242 of the row driver 
circuits to select N channel driver 245 which, if the cur- 
rent data bit is a 1 , is turned on. 

[0052] FIG. 19 illustrates an electronic communica- 
tion device 249 including a simplified block diagram of 
a complete driving circuit 250 for the array of FIG. 16 to 
provide a complete display. Communications device 
249 is any device which might incorporate a display for 
displaying messages to be sent and/or received, for ex- 
ample a two way radio or pager. Driving circuit 250 in- 
cludes counter 231 , a plurality of logic circuits 232. a 
plurality of row driving circuits 240 and a random access 
memory (RAM) 252 connected to receive video data 
from an external interface. Counter 231 supplies the po- 
larity bit and the eight bit address to each of the plurality 
of logic circuits 232, as described above. Thus, each of 
the columns is sequentially addressed. Counter 231 al- 
so supplies the polarity bit to each of the plurality of row 
drivers 240 and clocks RAM 252 so that data bits are 
supplied to the plurality of row drivers 240 in synchro- 
nism with the address inputs and polarity bit supplied to 
logic circuits 232 and row drivers 240. 
[0053] The number of connection/mounting pads, re- 
quired to address the columns in the array is reduced 
by one-half. Further, reversing the connections to inter- 
spersed columns is accomplished internally while man- 
ufacturing the array so that no additional space and vir- 
tually no additional processing steps are required. Also, 
the internal connections do not require additional devic- 
es on the array. The push-pull array requires no addi- 
tional complicated driving circuits, or additional bus lines 
in the driving circuits, or expensive external circuitry. 
The simplicity of the driving circuits is illustrated in the 
disclosed driving circuits. While specific driving circuits 
have been disclosed which incorporate the speed and 
convenience of CMOS circuits, it will be understood that 
other driving circuits utilizing different conductivity 
types, etc. may be devised. Further, it will be understood 
that all of the driving circuits explained with reference to 
FIGS. 17 through 19 are, or can be, included in driver 
and control circuits 57, illustrated in FIGS. 6 and 7. 
[0054] Thus, the present invention illustrates and 
teaches integrated electro-optical packages which are 
not limited in size by the electrical connections and 
which are substantially smaller than previous integrated 
packages which perform the same functions. Also, the 



present invention illustrates and teaches integrated 
electro-optical packages which contain arrays of light 
generating devices with substantially greater numbers 
of devices than previous integrated packages. Further, 
s the need for interconnect and packaging structures and 
techniques which can substantially reduce the limitation 
on size of semiconductor chips and which can reduce 
the amount of required surface area is substantially re- 
duced, or eliminated, by the present invention. 

10 

Claims 

1. An integrated electro-optical package (50) charac- 
'5 terized by: 

an optically transparent substrate (10) with an 
array (20) of light emitting devices (12) formed 
thereon and cooperating to generate a com- 

20 piete real image, the light emitting devices (12) 

being positioned in rows and columns to define 
all pixels' of the real image and operably con- 
nected to connection pads (33) formed on the 
optically transparent substrate (10) and adja- 

2S cent outer edges thereof; 

a driver substrate (55) having upper and lower 
opposed major surfaces, with the optically 
transparent substrate being mounted on said 
lower major surface, said driver substrate de- 

30 fining a central area (64) in the lower major sur- 

face substantially coextensive with the real im- 
age generated by the array (20) of the optically 
transparent substrate (10) and mounting pads 
formed on the lower major surface surrounding 

35 the central area (64), the connection pads (33) 

on said optically transparent substrate (10) be- 
ing bump bonded (58) to said mounting pads 
on the lower major surface of the driver sub- 
strate (55); 

40 a plurality of driver circuits (57) positioned on 

the upper major surface of the driver substrate 
(55) and connected to the array (20) of light 
emitting devices (1 2) through electrical connec- 
tions in the driver substrate, the mounting pads 

45 oh the lower major surface of the driver sub- 

strate (55) and the connection pads (33) on the 
optically transparent substrate (10); and 
a lens system (60) mounted to the optically 
transparent substrate (10) over the complete 

so real image and on a side of the optically trans- 

parent substrate (1 0) opposite the array (20) of 
light emitting devices (12) to receive and mag- 
nify the complete real image and produce an 
easily viewable virtual image. 

55 

2. An integrated electro-optical package as claimed in 
claim 1 further characterized in that the optically 
transparent substrate is formed of optically trans- 
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parent glass. 

3. An integrated electro-optical package as claimed in 
claim 1 further characterized in that the array of light 
emitting devices includes a plurality of organic elec- s 
troluminescent elements. 

4. An integrated electro-optical package as claimed in 
claim 3 further characterized in that the plurality of 
organic electroluminescent elements each include io 
a first conductive layer (18) positioned on the major 
surface of the glass substrate (10), at least one lay- 
er of organic material (1 9, 20) positioned on the first 
conductive layer (18), and a second conductive lay- 
er (21 ) positioned on the at least one layer of organ- is 
ic material. 

5. An integrated electro-optical package as claimed in 
claim 4 further characterized in that the at least one 
layer of organic material on the first conductive layer 20 
includes one of a layer of polymer and a layer of low 
molecular weight organic compound. 

6. An integrated electro-optical package as claimed in 
claim 1 further characterized in that the array of light 2s 
emitting devices formed on the optically transparent 
substrate (10) is positioned in a push-pull array 
(210). 

8. 

7. A method of fabricating an electro-optical package 30 
(50) characterized by the steps of: 

forming a plurality of light emitting devices (12) 
on a major surface (1 1 ) of an optically transpar- 
ent substrate (1 0), each of the light emitting de- 35 
vices (12) having first and second terminals 9. 
(18, 21) for activating the light emitting devices 

(12) , the light emitting devices (12) defining a 
plurality of pixels positioned in rows and col- 
umns and cooperating to generate a complete 40 
real image, when activated, at a central portion 

(13) of the major surface (11), the optically 
transparent substrate (10) further being formed 1 0 
with connection pads (33) adjacent outer edges 
thereof and outside of the central portion (13) 

of the major surface (11 ) with the first terminals 
(1 8) of the light emitting devices ( 1 2) being con- 
nected to a first plurality of said connection 
pads (33) defining rows of pixels and the sec- 
ond terminals (21 ) of the light emitting devices so 
(12) being connected to a second plurality of 
said connection pads (33) defining columns of 
pixels; 

forming a plurality of driver circuits (57) having 
data input terminals and further having control 
signal output terminals adapted to be connect- 
ed to the first and second terminals (18, 21 ) of 
the light emitting devices (1 2) for activating the 



light emitting devices (12) to generate real im- 
ages in accordance with data signals applied to 
the data input terminals; 
forming a driver substrate (55) with upper and 
lower opposed major surfaces and forming first 
electrical connection pads on the upper major 
surface, second electrical connection pads on 
the lower major surface and electrical connec- 
tions in the driver substrate (55) between the 
first and second electrical connection pads; 
* mounting the optically transparent substrate 
(10) on the lower major surface of the driver 
substrate (55) with the second electrical con- 
nection pads in electrical contact with the first 
and second pluralities of connection pads (33) 
on the major surface of said optically transpar- 
ent substrate; and 

mounting the plurality of driver circuits (57) on 
the upper major surface of the driver substrate 
(55) with the control signal output terminals 
electrically contacting the first electrical con- 
nection pads; and 

mounting a lens system (60) to the optically 
transparent substrate (10) over the complete 
real image to receive and magnify the complete 
real image and produce an easily viewable vir- 
tual image. 

A method of fabricating an electro-optical package 
as claimed in claim 7 further characterized in that 
the step of forming the plurality of light emitting de- 
vices on the major surface of the optically transpar- 
ent substrate includes forming the plurality of light 
emitting devices on a glass substrate. 

A method of fabricating an electro-optical package 
as claimed in claim 8 further characterized in that 
the step of forming the plurality of light emitting de- 
vices on the major surface of the optically transpar- 
ent substrate includes forming organic electrolumi- 
nescent elements on the glass substrate. 

A method of fabricating an electro-optical package 
as claimed in claim 9 further characterized in that 
the step of forming the plurality of organic electro- 
luminescent elements on the glass substrate in- 
cludes the steps of depositing a first conductive lay- 
er (18) on the major surface of the glass substrate 
(10), depositing at least one layer of organic mate- 
rial (19, 20) on the first conductive layer (18), and 
depositing a second conductive layer (21 ) on the at 
least one layer of organic material. 



Patentanspruche 

1. Integrierte elektro-optische Packung (50), gekenn- 
zeichnet durch: 
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ein optisch transparentes Substrat (10) mrt ei- 

nem Array (20) von lichtemittierenden Vorrich- 

tungen (12) darauf, die zusammenwirken, so 

daB sie ein vollstandiges reales Bild erzeugen, 

wobei die lichtemittierenden Vorrichtungen (1 2) $ 

in Reihen und Spalten angeordnet sind, so daB 

sie alle Pixel des realen Bildes festlegen und 

zum Betrieb mit Verbindungsanschlussen (33) 

auf dem optisch transparenten Substrat (10) 5. 

und an seinen auBeren Kanten verbunden *o 

sind, 

ein Treibersubstrat (55) mit gegenuberliegen- 
den oberen und unteren Hauptoberflachen, 
wobei das optisch transparente Substrat auf 
der unteren Hauptoberflache des Tretbersub- '5 
strats aufgebracht ist, wobei das Treibersub- 
strat einen Zentralbereich (64) auf der unteren 6. 
Hauptoberflache festlegt, der im wesentlichen 
dieselben AusmaBe wie das vom Array (20) 
des optisch transparenten Substrats (10) er- 20 
zeugte reale Bild hat, und Montagekontakte auf 
der unteren Hauptoberflache, die den Zentral- 
bereich (64) umgeben, wobei die Verbindungs- 7. 
kontakte (33) auf dem optisch transparenten 
Substrat (10) mit den Montagekontakten auf 25 
der unteren Hauptoberflache des Tragersub- 
strats (55) Bump-kontaktiert (58) sind, 
mehrere Treiberschaltkreise (57) auf der obe- 
ren Hauptoberflache des Treibersubstrats (55), 
die Ober elektrische Verbindungen im Treiber- 30 
substrat, die Montagekontakte auf der unteren 
Hauptoberflache des Treibersubstrats (55) und 
die Verbindungskontakte (33) auf dem optisch 
transparenten Substrat (10) mit dem Array (20) 
der lichtemittierenden Vorrichtungen (12) ver- 35 
bunden sind, und 

ein Linsensystem (60), das auf dem optisch 
transparenten Substrat (10) Ober dem gesam- 
ten realen Bild und auf der dem Array (20) der 
lichtemittierenden Vorrichtungen (12) gegen- *o 
uberliegenden Seite des optisch transparenten 
Substrats (10) angeordnet ist, urn das vollstan- 
dige reale Bild zu empfangen und zu vergro- 
Bern und ein gut erkennbares virtuelles Bild zu 
erzeugen. 

2. Integrierte elektro-optische Packung nach An- 
spruch 1 , dadurch gekennzeichnet, daB das optisch 
transparente Substrat auf einem optisch transpa- 
renten Glas aufgebracht ist. so 

3. Integrierte elektro-optische Packung nach An- 
spruch 1, dadurch gekennzeichnet, daB das Array 
der lichtemittierenden Vorrichtungen mehrere orga- 
nische elektrolumineszente Elemente umfaGt. ss 

4. Integrierte elektro-optische Packung nach An- 
spruch 3, dadurch gekennzeichnet, daB die mehre- 



ren organischen elektrolumineszenten Elemente 
jeweils eine erste leitfahige Schicht (18) auf der 
Hauptoberflache des Gtassubstrates (10), minde- 
stens eine Schicht organischen Materials (19, 20) 
auf der ersten leitfahigen Schicht (18) und eine 
zweite leitfahige Schicht (21 ) auf der mindestens ei- 
nen Schicht organischen Materials umfassen. 

Integrierte elektro-optische Packung nach An- 
spruch 4, dadurch gekennzeichnet, daB die minde- 
stens eine Schicht organischen Materials auf der 
ersten leitfahigen Schicht entweder eine Schicht 
von Polymeren oder eine Schicht aus einer organi- 
schen Verbindung mit niedrigem Molekulargewicht 
umfaBt. 

Integrierte elekto-optische Packung nach Anspruch 
1 , dadurch gekennzeichnet, daB sich das Array der 
lichtemittierenden Vorrichtungen auf dem optisch 
transparenten Substrat (10) in einem Gegentakt- 
Array (210) befindet. 

Verfahren zum Herstellen einer elektro-optische 
Pakkung (50), gekennzeichnet durch die Schritte: 

Erzeugen von mehreren lichtemittierenden 
Vorrichtungen (12) auf einer Hauptoberflache 
(11) eines optisch transparenten Substrates 
(10), wobei jede der lichtemittierenden Vorrich- 
tungen (12) erste und zweite Anschlusse (18, 
20) zum Aktivieren der lichtemittierenden Vor- 
richtungen (12) aufweist, wobei die lichtemit- 
tierenden Vorrichtungen (12) mehrere Pixel 
festlegen, die in Reihen und Spalten angeord- 
net sind und die zusammenwirken, urn bei Ak- 
tivierung an einem zentralen Abschnitt (13) der 
Hauptoberflache (11) ein vollstandiges reales 
Bild zu erzeugen, wobei das optisch transpa- 
rente Substrat (1 0) auBerdem mit Verbindungs- 
kontakten (33) erzeugt wird, die nahe seiner 
AuBenkanten und auBerhalb des zentralen 
Teils (13) der Hauptoberflache (11) liegen, wo- 
bei die ersten Anschlusse (1 8) der lichtemittier- 
enden Vorrichtungen (12) mit mehreren ersten 
der Verbindungskontakte (33) verbunden sind, 
die Pixel-Reihen festlegen, und die zweiten An- 
schlusse (21) der lichtemittierenden Vorrich- 
tungen (12) mit mehreren zweiten der Verbin- 
dungskontakte (33) verbunden sind, die Pixel- 
Spalten festlegen, 

Erzeugen von mehreren Treiberschaltkreisen 
(57) mit Dateneingabeanschlussen und auBer- 
dem mit Steuersignatausgangsanschlussen, 
die dafur ausgelegt sind, mit den ersten und 
zweiten Anschlussen (18, 20) der lichtemittier- 
enden Vorrichtungen (12) zum Aktivieren der 
lichtemittierenden Vorrichtungen (12) verbun- 
den zu werden, um reale Bilder gemaB den an 
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die Dateneingangsanschlusse angelegten Da- 
tensignafen zu erzeugen, 
Erzeugen eines Treibersubstrates (55) mit ge- 
genuberliegenden oberen und unteren Haupt- 
oberflachen und Erzeugen von ersten elektri- s 
schen Verbindungskontakten auf der oberen 
Hauptoberflache, von zweiten elektrischen 
Verbindungskontakten auf der unteren Haupt- 
oberflache und von elektrischen Verbindungen 
im Treibersubstrat (55) zwischen den ersten 10 
und zweiten elektrischen Verbindungskontak- 
ten, 

Montieren des optisch transparenten Substrats 
(10).auf der unteren Hauptoberflache des Trei- 
bersubstrats (55), wobei die zweiten elektri- '5 
schen Verbindungskontakte elektrisch mit den 
mehreren ersten und zweiten Verbindungskon- 
takten (33) auf der Hauptoberflache des op- 
tisch transparenten Substrats verbunden sind, 
und so 
Montieren der mehreren Treiberschaftkreise 
(57) auf der oberen Hauptoberflache des Trei- 
bersubstrats (55), wobei die Steuersignalaus- 
gangsanschlusse die ersten elektrischen Ver- 
bindungskontakte kontaktieren, und 25 
Montieren eines Linsensystems (69) auf das 
optisch transparente Substrat (10) uber dem 
gesamten realen Bild, um das vollstandige rea- 
le Bild zu empfangen und zu vergroBern und 
um ein gut erkennbares virtuelles Bild zu erzeu- 30 
gen. 

8. Verfahren zum Herstellen einer elektro-optischen 
Pakkung nach Anspruch 7, dadurch gekennzeich- 
net, daB der Schritt, die mehreren lichtemittieren- 35 
den Vorrichtungen auf der Hauptoberflache des op- 
tisch transparenten Substrats zu erzeugen, das Er- 
zeugen der mehreren lichtemittierenden Vorrich- 
tungen auf einem Glastrager umfaBt. 

40 

9. Verfahren zum Herstellen einer elektro-optischen 
Pakkung nach Anspruch 8, dadurch gekennzeich- 
net, daB der Schritt, die mehreren lichtemittieren- 
den Vorrichtungen auf der Hauptoberflache des op- 
tisch transparenten Substrats zu erzeugen, das Er- 45 
zeugen von organischen elektrolumineszenten Ele- 
menten auf dem Glastrager umfaBt. 

10. Verfahren zum Herstellen einer elektro-optischen 
Packung nach Anspruch 9, dadurch gekennzeich- so 
net, daB der Schritt, die mehreren organischen 
elektrolumineszenten Elemente auf dem Glastra- 
ger zu erzeugen, die Schritte Aufbringen einer er- 
sten leitfahigen Schicht (18) auf die Hauptoberfla- 
che des Glastragers (10), Aufbringen mindestens 55 
einer Schicht organischen Materials (1 9, 20) auf die 
erste lertfahige Schicht (18) und Aufbringen einer 
zweiten leitfahigen Schicht (21) auf die mindestens 



eine Schtcht organischen Materials umfaBt. 



Revendlcatlons 

1. BoTtier electro-optique tntegre (50), caracterise 
par : 

un substrat optiquement transparent (10) sur 
lequel est formd un groupement (20) de dispo- 
sitifs d'emission de lumiere (12) qui cooperent 
pour produire une image reelle complete, les 
dispositifs d'emission de lumiere (12) etant po- 
sitionnes en rangees et en colonnes de facon 
a definir tous les pixels de ('image reelle et etant 
fonctionnellement connectes a des plots de 
connexion (33) formes sur le substrat optique- 
ment transparent (10) et au voisinage des 
bords ext6rieurs de celui-ci ; 
un substrat d'excitation (55) posseciantdes sur- 
faces principales superieure et inferieure oppo- 
sees, le substrat optiquement transparent etant 
monte sur ladite surface principale inferieure, 
ledit substrat d'excitation definissant une aire 
centrale (64) dans la surface principale infe- 
rieure, qui a sensiblement memes dimensions 
que I'image reelle produite par le groupement 
(20) du substrat optiquement transparent (10) 
et des plots de montage formes sur la surface 
principale inferieure entourant I'aire centrale 
(64), les plots de connexion (33) presents sur 
ledit substrat optiquement transparent (10) 
etant soudes par bosses (58) auxdits plots de 
montage presents sur la surface principale in- 
ferieure du substrat d'excitation (55) ; 
une pluratite de circuits d'excitation (57) post- 
tionnes sur la surface principale superieure du 
substrat d'excitation (55) et connectes au grou- 
pement (20) de dispositifs d'emission de lumie- 
re (12) via des connexions dlectriques se trou- 
vant dans le substrat d'excitation, les plots de 
montage presents sur la surface principale in- 
ferieure du substrat d'excitation (55) et les plots 
de connexion (33) presents sur le substrat op- 
tiquement transparent (10) ; et 
un systeme de lentilles (60) montS sur le subs- 
trat optiquement transparent (10) par dessus 
I'image reelle complete et du c6t6 du substrat 
optiquement transparent (1 0) qui est oppose au 
groupement (20) de dispositifs d'emission de 
lumiere (12) afin de recevoir et d'agrandir I'ima- 
ge reelle complete et de produire une image vir- 
tuelle facilement observable. 

BoTtier Electro-optique integre selon la revendica- 
tion 1, caracterisd en outre en ce que le substrat 
optiquement transparent est form£ de verre opti- 
quement transparent. 
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3. BoTtier electro-optique integrE selon la revendica- 
tion 1 , caractErisE en outre en ce que !e groupement 
de dispositifs d'Emission de lumiere comports une 
pluralitE d'EIEments Electroluminescents organi- 
ques. 5 

4. BoTtier Electro-optique integrE selon la revendica- 
tion 3, caracterise en outre en ce que les elements 
de la pluralitE d'EIEments Electroluminescents orga- 
niques component chacun une premiere couche i<> 
conductrice (18) placee sur la surface principale du 
substrat de verre (10), au moins une couche de 
substance organique (19, 20) placEe sur la premie- 
re couche conductrice (18), et une deuxieme cou- 
che conductrice (21 ) placee sur la (ou les) couche 'S 
(s) de substance organique. 

5. BoTtier Electro-optique intEgrE selon la revendica- 
tion 4, caracterise' en outre en ce que la (ou les) 
couche(s) de substance organique se trouvant sur 20 
la premiere couche conductrice component une (ou 
des) couche(s) prise(s) dans le groupe que forme 
une couche de polymere et une couche de compo- 
se* organique a faible poids molEculaire. 

25 

6. BoTtier Electro-optique intEgrE selon la revendica- 
tion 1 , caracterise' en outre en ce que le groupement 
de dispositifs d'emission de lumiere formes sur le 
substrat optiquement transparent (10) est dispose 
suivant un groupement symetrique, ou push-pull, 30 
(210). 

7. ProcEdE de fabrication d'un boTtier Electro-optique 
(50), caractErisE en ce qu'il comprend les opera- 
tions suivantes : 35 

former une pluralite de dispositifs d'emission de 
lumiere (12) sur une surface principale (11) 
d'un substrat optiquement transparent (10), 
chacun des dispositifs d'Emission de lumiere *o 
(12) ayant des premiere et deuxieme bornes 
(18, 21) servant a active r les dispositifs d'Emis- 
sion de lumiere (12), tes dispositifs d'Emission 
de lumiere (12) deftnissant une pluralite de 
pixels, ou Elements d'image, positionnEs en *s 
rangEes et en colonnes et coop 6 rant pour pro- 
duce une image rEelle complete, lorsqu'ils sont 
actives, en une partie centrale (1 3) de la surfa- 
ce principale (11), le substrat optiquement 
transparent ( 1 0) Etant en outre dote de plots de so 
connexion (33) au voisinage de ses bords ex- 
terieurs et a I'exterieur de la partie centrale (1 3) 
de la surface principale (1 1 ), les premieres bor- 
nes (18) des dispositifs d'Emission de lumiere 
(12) Etant connectEes a une premiere pluralite) ss 
desdits plots de connexion (33) dEfintssant des 
rangEes de pixels, et les deuxiemes bomes 
(21 ) des dispositifs d'Emission de lumiere (12) 



etant connectees a une deuxieme pluralite des- 
dits plots de connexion (33) dEfinissant des co- 
lonnes de pixels ; 

former une pluralitE de circuits d'excitation (57) 
possedant des bornes d'entree de donnEes et 
possEdant en outre des bomes de sortie de si- 
gnaux de commande destinees a Etre connec- 
tEes aux premieres et deuxiemes bornes (1 8, 
21) des dispositifs d'Emission de lumiEre (12) 
afin d'activer les dispositifs d'Emission de lu- 
miere (12) pour produire des images rEelles en 
fonction des signaux de donnEes appliquEs aux 
bomes d'entrEe de donnEes ; 
former un substrat d'excitation (55) dote de sur- 
faces principals supErieure et inf Erieure oppo- 
sees et former des premiers plots de connexion 
Electrique sur la surface principale supErieure, 
des deuxiEmes plots de. connexion Electrique 
sur la surface principale infErieure, et des con- 
nexions Elect riques dans le substrat d'excita- 
tion (55) entre les premiers et deuxiemes plots 
de connexion electrique ; 
monter le substrat optiquement transparent 
(10) sur la surface principale infErieure du 
substrat d'excitation (55) de facon que les 
deuxiEmes plots de connexion Electrique 
soient en contact Electrique avec les premiere 
et deuxieme pluralites de plots de connexion 
(33) prEsents sur la surface principale dudit 
substrat optiquement transparent ; 
monter la pluralite de circuits d'excitation (57) 
sur la surface principale supErieure du substrat 
d'excitation (55) de facon que les bornes de 
sortie de signaux de commande soient en con- 
tact electrique avec les premiers plots de con- 
nexion Electrique ; et 

monter un systEme de lentilles (60) sur le subs- 
trat optiquement transparent (10) par dessus 
I'image rEelle complete afin de recevoir et 
d'agrandir I'image rEelle complete et de produi- 
re une image virtuelle facilement observable. 

8. ProcEdE de fabrication d'un boTtier Electro-optique 
selon la revendication 7, caracterise en outre en ce 
que I'opEration de formation de la pluralite de dis- 
positifs d'Emission de lumiere sur la surface princi- 
pale du substrat optiquement transparent comporte 
la formation de la pluralitE de dispositifs d'Emission 
de lumiere sur un substrat de verre. 

9. ProcEdE de fabrication d'un boTtier electro-optique 
selon la revendication 8, caracterisE en outre en ce 
que I'opEration de formation de la pluralitE de dis- 
positifs d'Emission de lumiEre sur la surface princi- 
pale du substrat optiquement transparent comporte 
la formation d'EIEments Electroluminescents orga- 
niques sur le substrat de verre. 
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10. Procede de fabrication d'un boftier electro-optiqua 
selon la.revendication 9, caracterisd en outre en ce 
que ['operation de formation de la plurality d'6le- 
ments electroluminescents organiques sur le subs- 
trat de verre comports les operations consistant a s 
deposer une premiere couche conductrice (18) sur 
la surface principale du substrat de verre (10), a de- 
poser au moins une couche de substance organ i- 
que (19, 20) sur la premiere couche conductrice 
(18), et a d6poser une deuxieme couche conductri- 10 
ce (21) sur la (ou les) couche(s) de substance or- 
ganique. 
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